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SOtB NOTE. 

»0C4 

The following formulae, deduced by Professor S. W. Robin- 
son, of the Illinois Industrial University, were used in the 
computation of these tables : 

H= *L(B-c-f) sin. 2 V+ {c +/) sin. V. 
D= ?L{B — c-f) cos? V+[c+f)cos. V. 

r 

R 1 = any reading of the stadia. 
B = length of a measured base. 
R = reading of stadia on the base. 
V= angle of elevation or depression. 
c = distance from centre of instrument to centre of object 
glass. 
f = principal focal length of object glass. 

if +/)= °43 rnetres. 

H = difference of level. 

D = horizontal distance. 

When V and R 1 are known, the value of H may be taken 
from the tables as follows : 

Required the difference of level when F= 4 30' and R 1 = 410 
metres. In the column headed 410 (page 35), and opposite 
4 30', in first column, we find 105.16 feet, which is the differ- 
ence- of level required. 

If V'\% the same as before and R' = 418 metres, we would 
have, as the column headed D gives the difference for one 
metre, 

ZT= 105.16 + 8 X .2306 = 107.0 feet. 

Table II, on page 59, will give the difference of level in 
feet to the nearest tenth, by multiplying the difference for the 



given angle by the distance in metres, and adding to the 
result the correction given in brackets at the bottom of the 
page. 

Example. — The difference for 4 30' from table is .2562 
and ^2562 X 410 + 0.15 = 105.2 feet, the same as above. 

This table majr be used when the distance is greater than 
those for which Table I is computed. 

HORIZONTAL REDUCTIONS. 

Page 62 contains a table for use in obtaining the horizontal 
distance for any stadia reading having an elevation less than 

Example. — Required the reduction when V= 7 42' and 
J?' = *68 metres. 

From the column headed 7 and opposite 42', we find .0180, 
which, multiplied by 368, gives 6.624, the reduction required, 
and the horizontal distance = 368 — 6.624 = 361.376. 

When distances are read in feet they may be reduced to 
metres by Table V, on page 65, and the required quantities 
may be taken from the tables as before. 

Table IV gives correction for* curvature and refraction. 
When the angle is plus the correction should be added, and 
when the angle is minus subtract the correction. 

MARKING STADIA BOARDS. 

Without entering into a discussion of the theory of the 
stadia, an outline of the method of laying off and marking 
stadia boards is given below. 

The metre will be used as the unit of measure in this discus- 
sion. 

One of the most important things in stadia work is to have 
an instrument with a good telescope so that the marks on the 
board will be well defined at a distance of 400 metres on a 
clear day. 

The cross-wires should be very fine and placed on either 



side of the horizontal wire, parallel to it and equidistant from 
it, the distance between the extreme wires being such as to 
subtend an arc of about 28'. 

The stadia boards should be of well-seasoned, clear pine, 
one inch thick, five inches wide, and fourteen feet long. 

The bottom should be protected by an iron shoe, to keep 
the board from being split or battered. Before being marked 
they should receive sufficient coatings of white paint to make 
them thoroughly white. 

Having made the above preparations the next thing is to 
select a Jplace where a base line can be measured with a chain 
over smooth, even ground. 

It should be carefully measured with a chain whose length 
is known, and stakes set at the end of each 100 metres. 

The air should be clear and steady when the instrument is 
set up over one end of the base line and carefully levelled. 
Two targets are necessary. They may be made of bristol- 
board, with a black diamond painted on it, and having a nar- 
row, horizontal slit along the centre line, through which to 
mark its position on the board. Fix one of these targets with 
thumb tacks near the bottom of the board. Then, having 
the board held vertically on the first 100 metre stake, set the 
lower wire on the fixed target and have the other target 
moved till it is cut by the upper wire. This gives one deter- 
mination for the value of the space covered at a distance 
of 100 metres. Repeat this operation on the 200, 300, and 
400 metre stakes, and check the whole work by going over 
the points the second time, using the mean of the two deter- 
minations if they differ by but a small amount. A large dis- 
crepancy will, of course, show that an error has been made. 

It will be observed that the space covered at 200, 300, &c, 
metre stake will not be 2, 3, &c, times the space covered at 
the 100 metre stake, as the distance c +/ enters but once in 
each pointing. But inasmuch as it is necessary to read dis^ 
tances indiscriminately on all parts of the board, as interven- 
ing objects often prevent the observer from seeing the whole 



board, it is best to distribute c + /, which is small, among the 
several determined distances. 

Hence, take for the length of each ioo metre space the 
mean of all the ioo metre spaces determined. That is, add 
together the lengths of the ioo, 200, &c, spaces, and divide 
by the number of 100 spaces determined. A little more 
weight should perhaps be given to the short distances as the 
targets are more distinct. 

Having divided the board into 100 metre spaces, divide 
these again into 10, then by means of a card-board stencil the 
proper figures may be marked on the board in pencil, and it 
is then ready to be painted. 

The kind of figures that are used are as numerous as the 
observers who use them. The correct principle to follow out 
is to keep the colors as much together as possible, or when the 
air is unsteady the figures will run together to such an extent 
that it will be impossible to distinguish them. Large figures, 
with points to indicate the smaller divisions, are better than 
small detached figures. 

The figures should not be carried out to the edge of the 
board as there is danger of the board becoming 
bruised, thus breaking the outline of the figure. 

Neither should there be a flange on the edges 
of the board to protect its face, for then the flanges, 
though projecting but little, will, in a certain light, 
cast a shadow on the face of the board and make 
it difficult to read. 

A system of figures which have come into gen- 
eral use on the United States Lake Survey is given 
in the margin. It gives the best satisfaction of any 
of the many devices which have been tried. 

With a good instrument and boards properly 
marked excellent work can be done. Under many 
circumstances it is even more accurate than chain- 
ing, and takes the place of the chain in many cases 
when the use of the latter is not practicable at all. It could 



be used to good advantage in preliminary surveys for railroads 
as the cost and time required would be very much less than 
by the ordinary methods. One observer, with a theodolite, 
would take the place of transit-man and level-man, and instead 
of getting only a section of the line run over, the main topo- 
graphical features for a distance of a quarter of a mile on each 
side of the line could also be determined. 
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— To determine elevation fs 
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Table II— Continued. 




Table II— Continued. 
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Table III.- 


— To reduce readings on a slope to horizontal distance. 
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.0320 


20 


.0017 


.0034 


.0057 


.0086 


.0122 


.0163 


.0210 


.0263 


.0322 


22 


.0017 


.0035 


.0058 


.0087 


.0123 


.0164 


.0212 


.0265 


.0324 


24 


.0017 


.0035 


.0059 


.0089 


.0124 


.0166 


.0213 


.0267 


.0326 


26 


.0018 


.0036 


.0060 


.0090 


.0126 


.0167 


.0215 


.0269 


.0328 


23 


.0018 


.0037 


.0061 


.0092 


0127 


.0169 


.0217 


.0271 


.0330 


3° 


.0019 


.0037 


.0062 


.0092 


0128 


.0170 


.0218 


.0272 


.0332 


32 


.0019 


.0038 


.0062 


.0093 


0129 


.0172 


.0220 


.0274 


.0334 


34 


.0020 


.0039 


.0063 


.0094 


0131 


•0173 


I0222 


.0276 


.0336 


36 


.002 1 


.0039 


.0064 


.0095 . 


0132 


.0175 


.0224 


.0273 


.0338 


38 


.0021 


.0040 


.0065 


.0096 


o J 33 


.0176 


.0225 


.0280 


.0340 


40 


.0022 


.0041 


.0066 


.0097 . 


013X 


.0173 


.0227 


.0282 


.0342 


42 


.0022 


.0042 


.0067 


.0098 


0136 


.0180 


.0229 


.0284 


.0345 


44 


.OO23 


.0042 


.0068 


.0100 


oi37 


.0181 


.0231 


.0286 


.0347 


46 


.OO23 


.0043 


.0069 


.0101 


0139 


.0183 


.0232 


.0288 


.0349 


48 


.OO24 


.0044 


.0070 


.0102 


0140 


.0184 


.0234 


.0290 


.0351 


5o 


.OO24 


.0045 


.0071 


.0103 . 


0142 


.0186 


.0236 


.0292 


.0353 


52 


.0025 


.0045 


.0072 


.0104 


0143 


.0187 


.0238 


.0294 


.035s 


54 


.0026 


.0046 


.0073 


.0106 


0144 


.0189 


.0239 


.0296 


.0358 


56 


.0026 


.0047 


.0074 


.0107 


0146 


.0190 


.0241 


.0298 


.0360 


58 


.0027 


.0048 


.0075 


.0108 


0147 


.0192 


.0243 


.0300 


.0362 


60 


.0027 


.0049 


.0076 


.0109 


0149 


.0194 


.0245 


.0302 


.0364 












• 






^ 
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Table III— Continued. 



Angle. 


11 = 


12° 


3= 


14. 


13° 


16= 


ir° 


18° 


10° 


. 


0.64 1 


°43Z 


<,=.:,'. 


.OSS, 


.•;;<. 


Ojfe 


.oBjJ 


■°955 


ictfo 




0366 






. os 84 




:o763 






..06, 


* 


O368 


s 


■• 




■£ 


.076S 

..:>70, 


■'%.':! 


S 


.10*7 


» 


°377 


W 


III 9 , 


;SfiS 


;,/ie' 


■0778 


!n874 


'.o£l 


■^ 




°-"^ 
















..085 


,6 










.o 7 «j 






.may 


.8 . 


03% 


0434 


"5"9 


.0610 


.<**■ 


.„ 7 S8 


.086. 


.0986 


.■OTH 


oo 


0386 


■<-'■ 


053a 


■°6'3 


.0699 


.□791 


,e88t 


.0989 


,,m6 1 


'. 1 


| 


,|' 


"■0 


$ 


1 


1 


.0891 

.c*)4 


il 


:ii 






















36 










5. 










3a 




o, ; a 


OSSS 




.0819 








4° 


°<°9 


04B1 


°S5B 


.0641 


■tW 


o8aa 


.09=1 


.I«4 


III! 






0483 


...=.*, 






,r.S..'. 






.1.36 


46 


^!S 




2 


;o6io 


:o"l 


:;.:]J 


'««> 


:!^s 


'«« 


4S 


23 


S 


1 


:.; :.: 


£w 


-0835 
.0839 

.084J 


23 


i 


■1 






5 


0583 


!o«7 




loS;* 




:>«! 




*° • 


°43» 


°9»5 


.0670 


.o& 


-085S 


■ °9SS 




■"'" 





Table III — Continued. 



Angle. 20° 21° 22* 23 3 24° 2* c 



27 c 



o 

2 

4 

6 

8 

xo 

12 
14 

16 

xS 

30 
32 

«4 
25 

sS 
3o 
3» 
34 
36 
33 

1 

4o 
42 

44 
46 

48 
5o 
52 
54 
56 
58 
60 : 



.1170 
.1174 
.1177 
.1181 
.1185 
.1189 
.1192 
.1196 

.X200 
.I2O4 

.I207 
.12X1 
.12X5 
.12X9 

.1223 
.1227 
.I230 
.1234 
.1238 
.1242 

.I246 
.1249 

•1253 
•1257 I 
.X26l 
.I265 
.1269 j 
.I273 
.1277 I 
.T28o • 
.I284 



284 

283 
292 
296 

3«> 
3<H 
308 
3x2 
316 
320 

323 
327 
33i 
335 
339 
343 
347 
35i 
355 
359 

363 
367 
37i 
375 
379 
383 
387 
39 1 
395 
400 

4<>3 



.M<>3 
.1407 
.14x1 
.14x6 
.1420 
.1424 
.1428 

• *43* 
.143° 
.1440 

.1444 
.1448 
•1452 
.1456 
.1460 
.X465 
.1469 
■1473 
-M77 
.1481 



1527 
1531 
.1535 
.1539 
.'544 
.1548 
.1552 
.1556 
.156° 
.1565 

.1569 

.1573 
.1577 
.15C2 

.1586 

.1590 

.1594 

•1599 
.X603 

.1607 



1654 
.1659 
.1663 
.1667 
.1672 
.1676 
.1680 
.1685 
.1689 
.1693 

.1698 ' 

.1702 

.1707 

.171X 

.1715 

.1720 

.1724 . 

.1729 

•1733 : 

.1737 : 



.1485 
.1489 

1493 
X498 

.1502 
.1506 
.15*0 

•15*4 ; 
.1718 , 
.X523 1 

•1527 I 



.16x1 ' 
.16x6 
.1620 • 
.1624 
.1629 

1633 
.1637 
.1641 
.1646 
.1650 * 
.1654 I 



.1786 
.1791 

.1795 
.1800 
.1804 
.1809 
.1813 
.1818 
.1822 
.1827 

.1831 
.1836 
.1840 
.1845 
.1849 
■1854 
.1858 
.1863 
.1867 
.1872 



.1742 
.1746 • 
1751 
■1755 

.1739 ■ 
.1764 
.1768 ■ 

1773 ■ 

•1777 j 
.X782 I 
.1786 



.1877 

.x88i 
.1886 
.1890 
•"895 
.X899 
.1904 
.1908 

.19*3 
.1917 

.1922 ; 



1922 • 
1926 
1931 
1936 
1940 
1945 . 
1950 . 
1954 

1959 
1964 1 

X968 
1973 

1978 ! 

1982 : 
1987 . 

199 1 . 
1996 

200X , 

2r©5 
2010 



.2061 
.2066 
.2071 
2075 
.2080 
.2085 
.2090 
.2094 
.2099 
.2104 

.2x09 
.2113 
.2118 
.2123 

.2128 

•2133 
.2137 

.2142 

.2147 
.2152 



28° 



29° 



2015 
2019 

2324 
2029 
2033 
2038 

2043 
2047 

2052 

2057 

2061 



.2156 
,.2l6l 

..2166 

t.2171 

••2X75 
;.2i8o 
,.2185 
(.2190 
1.2194 
.2199 
2204 



2204 

2209 

2214 

2219 

2224 

2228 

2233 

.2238 

.2243 

.2248 

.2253 
.2258 
.2263 
.2267 
.2272 
.2277 
.2282 
.2287 
.2292 
.2297 

.2302 
.2306 
.2311 
.2316 
•2321 
.2326 

•2331 
.2336 

.2341 
.2346 
.2350 



•2350 

.2355 
.2360 

■ 23 6 5 
.2370 

2375 
.2380 

■ 2385 
.2390 

.2395 

.2400 
.2405 
.24x0 

■2415 
.2420 
.2425 
.2430 

2435 
.2440 

2445 

.2450 

2455 
.2460 

.2465 

.2470 

■2475 
.2480 
.2485 
.2490 
.2495 
.2500 



« 

Table IV, — Correction for curvature and refraction. 



Distance. 


Correction. 


Metres. 


Feet. 


100 


0.002 


200 


0.009 


300 
400 
500 
600 


0.020 
0.036 
0.056 
0.081 


700 
800 
900 


O.IIO 

0.143 
0.181 


1,000 


0.224 


1,100 


0.271 


1,200 


0.323 
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Table V. — Fur converting feet into metres. 






















IS 


x 


*« 




J£ 


"s'9 


4"*> 


7S8.9 
























#1 










bf 




600 


795.5 


S 


1' 




Ba,.? 


KK 




67° 


813.8 


<w 


Sm.9 


'Z 
























7*3 








































990 




.„ 




































w 


«£' 



■I 



i 



Table III— Continued. 



36° 81° «B° 



i 240 33= aflo jjyo 



:;$ 



:£3: 



TABLE IV '.—dmriim fan ■:ir.--atiirr. and refract. 



Distance. 


Correction. 


Mclrct. 

E 


A 


S 

3 



Table V.— For converting f tit into mtttcs. 



If**: Metres. Fed- Metres Feet. 



^ 






-I 



\ 



:~B ■' » 



493 °™ a 
38360° 



BUI 



»**»«*^««MB H Mftb*«^»*Aid* a i 



' 



610765fc03ia 




B89078560398A 



610765216511 




b89078529856a 



